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ABIRACT

This report documents aerodynamic separulbion duatn oblained from g
wind tunnel test of an 0.0125-scale S5V Orbiter model of a VCT0-000007
Configuration and a 0.0125-scale TUT model built by The Roeing Company.

Separation data were obtained at a Mach number of 0.6 and three in-
cidence angles (i) of 4°, 6°, and 8°. The orbiter anple of attack was
varied from O to 1L degrees.

Longitudinal, lateral and normal separation inerements were oblained
for fixed TUT angles of attack of 0°, 2°, and 1® while varying orbiter
angle of attack. Control surface sebtings on the THT carvier included
rudder deflections of 0° and 10° and horizontal stabiliver detflections
of -1° and +5°.
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NOMENCLATURE

General
PLOT
SYMBOL SYMBOL DEFINITTON
2 cpeed of sound; m/sec, ft/sec
Cp CP pressure coefficient; (P; - P_)/q
I MACH Mach number; V/a
p pressure; N/m , psf
q gggggi dynamic pressurc; 1/ pV7, N/m", pst
RN/L RN/L unit Reynolds number; per m, per ('t
Y velocity; m/sec, ft/sec
o ALPHAC 747 angle of attack, degrees
aq ALPHAO Orbiter angle of attack, degrees
B gggﬁc T4T7 angle of sideslip, degrees
Bo BETAO Orbiter angle of sideslip, degrees
1 PST angle of yaw, degrees
6 PHIO Orbiter angle of rﬂ}l, degrees
PHIC 747 angle of roll, degrees
i, IORB Orbiter incidence relative to T4T FRL, degreces
p mass density; kg/m3, slugs/ft3
Reference & C.G. Definitions
Ay base area; mZ, ft?
b BREF wing span or reference span; m, ft
c.g. center of gravity
RREF LREF reference length or wing mean aerodynamic

chord; m, ft

9



PLOT
SYMBOL SYMBOL
S SREF
MRC MRP
XMRP
YMRP
ZMRP
SUBSCRIPTS
b
» 1
s
t
PLOT
SYMBOL SYMBOL
Cy CN
Ca CA
Cy Ccy
C CAR
Ay
C CAF
Ap
Cm CLM
ORIGINAL PAGE IS

F POOR QUALITY

NOMENCLATURE (Continued)

DEFINITTON

wing area or reference area; m2, £
moment reference point

moment reference point on X axis
moment reference point on Y axis

moment reference point on % axis

base

local

static conditions
total conditions
free stream

Body-Axis System

DEFINITION

L. ormal force
normal-force coefficient; n 3
qe

axlal-force cocfficient; 8xial force
[
qo

. . - . side force
slde-force coefficient; —
qo

base-force coefficient; base rorce
(s

A, (Py = Pw)/qS

forebody axiual force coefficient.; Cp - CA
b

pitching-moment coefficient; Pitching moment

158Rpy

10



NOMENCLATURE {Continued)

Body-Axis System

PLOT
SYMBOL SYMBOL DEFINITION
C, CLN yawing-moment coefficient; Yawing moment
: qSb
Cq CBL rolling-moment coefficient; r011in§ moment,
qSb
Stability-Axis System
o CL lift coefficient; 1Lt
asS
Cp cD drag coefficient; éﬁg&
q
Cy ¢ side-force coefficient; §l§§§£9£92
q
o CDB base-drag coefficient; Eéésgézéa
b q
CDf CDF forebody drag coefficient; Cp - CDb
Cm CLM pitching-moment coefficient; pitching moment
a5%gEr
C CLN yawing-moment coefficient; yawing moment
n qSb
Cq CSL rolling-moment coefficient; rollingbmoment
q
L/D L/D lift-to-drag ratio; CI/CD
L/Dy L/DF lift to forebody drag rutio; CL/CDf

11



PLOT
SYMBOL SYMBOL
aCy, DCL
ACp DCD
ACH DCLM
ACy DbCY
aCcp, DCYN
ACy DCBL
XZCP
XYCP
8y RUDDER
8o ELEVON
L STAB

ORBITER SYMBOL

NOMENCLATURE (Continued)

DEFINITION

incremental 1ift coefficient
incremental drag coefficient
incremental pitching-moment coefficient
incremental side-force coefficient
incrementel yawing-moment coefficient
incremental rolling-moment coefficient

longitudinal center of pressure in normal
force plane :

lateral center of pressure in side force
Plane

74T rudder surface deflection angle,
positive deflection trailing edge
to the left, degrees

Orbiter elevon surface deflection
angle, positive deflection trailing
edge down, degrees

T4T stabilizer surface deflection
angle, positive deflection trailing
edge down, degrees

CPco

c
Pr1

CPpo

PLOT SYMBOL DEFINITION
CPC Orbiter balance cavity pressure
coefficient
CPBl1 Orbiter tail-cone-off base pressure
coefficient
CPB2 Orbiter tail-cone-off base pressure

coefficient

12



NOMENCLATURE (Councluded)

ORBITER SYMBOL  PLOT SYMBOL

c CPB3
Pp3
CPBE CPE3
C 0rPs1
Pgy
C CPS2
Ps2
747 SYMBOL
C cPcC
Pce
C CPSB1
Psp1
c CPSB2
Pspo
SEPARATION PLOT
PARAMETERS SYMBOL
AX DX
AY DY
AZ DZ
(H%RQDV )

(QF'}«XIR Qé?ldﬂ’]!l

DEFINITION

Orbiter tail-cone-off pressurc
coefficient

Dummy strut pressure coefficient

Pressure coefficient on L.H. side
of Strut Sl

Pressure coefficient on R.IJl. :ide
of Strut 81

747 sting cavity pressure
coefficient

747 sting base exit pressure
coefficient

747 sting base exit pressure
coefficient

Longitudinal displacement, ft.
Lateral displacement, ft.

Vertical displacement, ft.

13



REMARKS

The nominal orbiter elevon deflections tested were 0° and +5°. The

actual measured elevon deflections were as follows:

NOMINAL _ MEASURED
6e Left 6e Right
Outboard Inboard Outboard Tnboard
50 h059' 5010| 140551 )‘Osgl

The zero elevon deflection was not measured since it faired into the

contour of the VC70-000002 orbiter vehicle lines.

The 747 carrier nominal horizontal stabilizer settings used in the o
test were ¢ = -1° and §4 = 5°. The actual measured deflections were

64 = -53' and 8o = +4°L8", respectively.

14
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CONFIGURATIONS INVESTIGATED

The Orbiter model was a 0.0125 scale representation of the Rockwell
International Space Shuttle Vehicle built to Rockwell lines VCT70-000002.
The basic orbiter model is of the blended wing-body design utilizing a
double delta wing (75°/L5°), full span elevons with deflection capability,
a centerline vertical tail with rudder deflection capability, a canopy,

a body flap and an orbital maneuvering system (OMS) mounted on the aft
fuselage sidewalls.

A tail cone fairing used to cover the MPD nozuies and OMS nonnles was
tested for a limited number of runs.

The .0125 scale model of the Rockwell International Space Shuttle
Vehicle is constructed primarily of 7075-T6 aluminum. The orbiter wing
panels are made from 2024-T-851 aluminum while the elevon brackets are

made from ARMCO 17-4 PH CRES.

Model Nomenclature

Op = Bgh Cih Fiy Eyy Mg Noy Ngp Rig Vo3 Wii6
0o = Bg)y Cyn Fiu Eyy Myg Noy Noo Wy16
O3 = Bgh C14 Fii Eyy M8 R18 Vo3 W16 Oy
Oy = Bgy Cau Fyu Buy Mg Ngo Ri8 Vo3 Y116
Component Description
B6h Orbiter fuselage per Rockwell lines

VCT70-000002, Model Drawing SS-AO013TT
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Component

Cay

Eyy

Fiy

Y116

TCh

CORFIGURATIONS INVESTIGATED - (Continued)

Description

Orbiter canopy per Rockwell lines
VCT70-000002, Model Drawing SS-A01377

Orbiter full span, unswept hingeline,
6-inch gapped elevons per Rockwell lines
VCT70-000002, Model Drawing SS-A01377

Orbiter body flap per Rockwell lines
VCT0-000002, Model Drawing SS-A01377

Orbiter OM3/RCS pods per Rockwell lines
VCT70-000002, Model Drawing SS-AQ1377

Orbiter main engine nozzles per Rockwell
lines VCT70-000002, Model Drawing SS-A01377

Orbiter OMS engine nozzles per Rockwell
lines VCT0-000002, Model Drawing SS—A01377

Orbiter rudder per Rockwell lines
VCT70-000002, Model Drawing SS-A01377

Orbiter vertical tail per Rockwell lines
VCT0-000002, Model Drawing SS—A01377

Orbiter double delta wing per Rockwell
lines VCT0-000002, Model Drawing SS-A01377

Orbiter tuil cone fairing which covers
the MPS nozzles and the OMS nozzles and base.

The attach hardware utilized in conjunction with separation testing

consisted of several configurations. The faired aft attach hardware

(AT99) was used throughout the duration of the separation test. Incidence

angles of L4°

hardware AT96, AT97, and AT

AT97 was used for i

» 6°, and 8° were tested utilizing the faired forward attach

6°, and 8°.
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CONFIGURATIONS INVESTIGATED - (Continued)

The 0.0125 scale TW7 carrier model, fabricated by The Boeing Company,

utilized 200 sq.

in-flight speed brakes extended.

stabilizer tip fins, flaps at O degrees and standard

The horizontal tail was capable of de-

flecting +35° to -11° in two degree increments (FRP).

The following nomenclature was used to designate model componcents

for The Boeing Company 0.0125-scale T47 Carrier Model:

Component
327.8
Wik

Description

Fuselage

Wing

Basic Vertical Tail

Horizontal Tail

Horizontal Tail with Vertical Tins
Inboard Nacelle struts

Outboard Nacelle struts
Inboard Nacelles
Outboard Nacelles
Spoiler panels

Flap Track Fairing

Orbiter sggport blade strut, upper
entry position

The configurations investigated-.utilizing the components previously

described were as follows:

17



CONFIGURATIONS INVESTIGATED - (Concluded)

Configuration Orbiter Incidence (i)
THT/1  ATgg Lo

Th7/1 ATg 6°

TWT/1  ATgg 8°

THT/1 ATge O, 8, Lo

THT/1  ATg7 05 S; 6°

TUT/1 ATgg 05 S; 8°

TUT/1 ATgg 05 S Lo

Th1/1 ATgr 03 §; 6° -
T4T/1 ATgg O3 S 8°

0, 8y -

03 8 -

18



INSTRUMENTATION

The orbiter was mounted on the NASA/Ames 1.0 inch Task MK XIV inter-
nal force balance and the T4T Carrier was mounted on the NACA/Ames 1.5
inch MK IT Internal Force balance.

Pressure instrumentation in the orbiter consisted of a sting cavity
pressure tap (P.,) and a pressure tap (Pgy, Pgp) on each side of strut
Sy. When the tail cone (TCh) was removed, three (3) base pressures were

neasured-Pgy, Ppo, and PB3' See figures 2g and 21i.

Pressure instrumentation in the 7h7 carrier consisted of sting cavity
pressure tap (Pcc) and two static pressure taps (Pgpy, Pggo). These tap

locations are shown in figure 2i.
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TEST FACILITY DESCRIPTION

The Ames lh-Foot Transonic Wind Tunnel was created by extensive mod-
ification of the former Ames 16-Foot High Speed Wind Tunnel. Tt has an
adjustable, flexible-wall nozzle and the test section is s8lotted on all
four sides to permit transonic testing. The air circuit 1s closed except
for the air exchanger 1in a low-speed section of the circuit, which is
controlled to maintain the air temperature within suitable limits,

The air is driven by a three-stage, axial-flow compressor powered by
three electric motors mounted in tandem outside the wind tunnel. The
drive system is rated 110,000 horsepower continuously or 132,000 horse-
pover for one hour. The speed of the motors is continuously variable over

the operating range.

Performance:
Mach number 0.6 to 1.2, continuously variable
Pressure, stagnation, atm 1.0 N
Reynolds number, per £t 2.8 x 10° to k.2 x 106
Temperature, stagnation Controllable over limited range by throt-
tling the air exchanger. Generally about
640° R to avoid condensation of moisture
in the test section
Dimensions:
Test section height, fit 13.50
Test section width, ft 13.71 at upstream end
13.92 at downstream end
Test section length, ft 33.75

20



DATA REDUCTION

Model force and moment data were reduced to coefficient form in the
body and stability axes systems. Coefficient data were computed sepa-
rately for each vehicle using its own reference dimensions. Moment data
for each vehicle is reduced about its own reference center of gravity.

Relative separation angles and displacements were computed for the
orbiter with respect to the TLUT carrier. These values are presented in
the TUT body axis system and displacement will represent the movement of
the orbiter aft attachment point from its base position. The orbiter base
position is defined as the orbiter in the mated configuration.

A1l model positions and attitude data are corrected for support hard-

ware deflections.

Reference Dimensions and Constants

TuT Model Full
Symbol Definition Scale Scale
S. Wing reference area, £t2 0.859 5500
b Wing span, in. 29.351 2348.04
2, Wing, MAC, in. 4.097 307.78
MRCX,, Moment Ref. Center T4UT M.S. 16.7h9 1339.90
MRCZ,, Moment Ref. Center Tu4T W.L. 2.385 190.75
BMCZ,, Balance Moment Center ThT7 M.S. 16.608 1328.6k4
BMCZ,, Balance Moment Center 7L7 W.L. 2.896 231.68

21



DATA REDUCTION (Continued)

Orbiter Model Full
Symbol Definition Scale Scale
S, Wing reference area, ft2 0.420 2690

b, Wing span, in 11.709 936.68
[ Wing MAC, in. 5.935 kTl . 81
MRCX Moment Ref. Center Orbiter M.S. 13.862 1109
MRCZ, Moment Ref. Center Orbiter W.L. L4.687 375
BMCX | Balance Moment Center Orb. M.S. 13.305 1064
BMCZ Balance Moment Center Orb. W.L. 5.377 L30

Incremental force and moment coefficients were calculated for

the orbiter data as follows:

ACORB(7h7) = CORB(7h7) - CORB(ISOL>

where:
ACORB(7h7) = Proximity increment on orbiter coefficients
CORB(7h7) = Coefficient of orbiter in presence of carrier
Corp(ISOL) = Isolated orbiter coefficient

Incremental force and moment coefficients were also calculated for
the carrier as follows:

(ORB) (ORB) (1s0L)

AC7h7 Cru7 - Cru7
where:

AC7u7(ORB) = Proximity increment on carrier coefficients
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DATA REDUCTION (Concluded)

C7u7(ORB) = C(Coefficient of carrier in presence of orbiter

C7h7(ISOL) = Isolated carrier coefficient

Refer to Table VI for a detailed summary.
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TABLE I

a——

TEST ¢ CA23B

TEST CONDITIONIS

DATE ¢ 11/18/75

Y

MACH NUMBER

REYNOLDS NUMBER

DY LAMIC PRESSURE

STAGNATION TEMPERATURE

COMMENTS:

COMMENTS:

NF
SF
AF
Pt
Rt
YM

This balance was used to obtain Orbiter separation data.

BALANCE UTILIZED:

NF
SF
AF
P
Ri
YH

This balance was used to obtain 747 Carrier Separation data.

800 1b.

(per ft X 10° ) (pounds/sa. ft) (degrees Fakrenheit)
.6 3.6 b1t 92
. 3.1 315 TO
o 2 126 71
BALANCE UTILIZED: NASA/ARC 1.0 inch Task MK XIV
CAPACITY: ACCURACY: (}%iEEIE&EET

hoo 1b.

100 1b.

250 in.-1b.

NASA/ARC 1.5 inch MK II

CAPACITY:

1000 1b.

ACCURACY:

500 1b.

100 1b.

800 in.-1b.

RIS

COEFFICIENT
TOLERANCE:
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TABLE IIT (HODEL DIMFHGTONAL DATA)

a. Oroiter Model

MODEL COMPONENT :

RODY - OML - By,

GENERAL DESCRIPTION : The body is an oloncated structure containing

the Crew Module and Carpo Bay. Same as ML plus 1" TPS.
p

VODEL SCALE: 0,01.25

DRAWING NUMBER :

VC70-000002, S5-A01377

DIMENSIONS :

Length (XO = 235 to 1519), In.
Max Width (X =1516.8), In.

Max Depth (Xo = 1463.316), In.

Fineness Ratio

Area - Ft2

Max. Cross—Sectional

Planform

Wetted

Base

30

FULL SCALE MODEL SCALE
128,.0 16£.050
262,718 3.284,
L8, 575 3.107
5.1365 5.1365
340,82 0.053
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TABLE 1IT (Centtd)

a. Croiber Model

MODEL COMPONENT CANOPY (OUTrE 0L LINE) = C.

— -

GENERAL DESCRIPTION * The canony is that nart of the forward fuselape

which covers the Crew Module. One inch - TPS thickness on the canopy.

Confirmuration 1400,

MODEL SCALE: 0.0125

DRAWING NUMBER : VC70-000002, SG-A0137Y

DIMENSIONS : FULL SCALE MODEL SCALE
Length (X5=435.196 - €70.0), In., _234.80 2.935
Max Width (X5 = 594.0), In. 195. 58 2.445
Mox Depth

Fineness Ratio

Area

Max. Cross—Sectional

Pianform

Wetied

Buse

WINDSHIELD PLANES:
.7012 XO o .2552 Yo - .6656 ZO - 6.1789 =0

L5710 Xg - 5641 Yo ~ .5965 Zo *32.7354 =0
\2636 Xo = 756k Yo = L5965 Zg +189.4099=0
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TABLE T1I (Contid)

a. O(rbitep Model

MODEL COMPONENT :__ELEVON -~ B

GENERAL DESCRIPTION 6.0 In, F.5. raps machined into K,. elevon,

Elioper doors, centerbody pieces, and tipseals are not simulated. (Data

are for one side,)

MODEL SCALE: 0.0125

DRAWING NUMBER ~DNot _ayagilable,
DIMENSIONS - FULL SCALE MODEL SCALE
Area - Ft? 210.00 0.033
Span (equivalent), In., ___3u5.2 4.365
Inb'd equivalent chord » In, 118.0 1.475
Outb'd equivalent chord » In, 25.19 0,690
Ratio movable surface chord/
totel surface chord
At Inb'd equiv. chord 0,209 0.2096
At Outh'd equiv. chord ———0:200k  0.4004
Sweep Back Angles, degrees
Leading Edge 0.00 0.00
Trailing Edge - 10.056 - 10,056
Hingeline _ 0.00 0.00
(Product of area & cj
Area Moment (Nmmxb.'mdwg'édtmé) ,Ft 1587,25 0.003
Mean Aerodynamic Chord, In, 90.7 1.134
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TinLFE 111 {Cont1d)

&. Orbiter Modo)

MOTEL COMPONENT:

BIDY FIAP - F

GERERAL DESCRIPTION:  Tha

bedy flap i5 a secondary movable airfoil

lccated at the arft end of the bedy,

MODEL SCALE: 0.0125

DRAWING NUMBER: VC70-000002

OIMENSIONS:

Area - th i
Span (equivalent), In.

Inb'd equivalent chord, In.
Outb'd equivaient chord, In.

Ratio movable surface chord/
total surfare chord

At Inb'd equiv. chord

At Outb'd equiv. chord
Sweep Back Angles, degrees

Leading Edge

Tailing Edge

Hingelire -
(Product of Area & c)

3
Area Moment (Novmadotochdngesddns) | Fi

Mean Aerodynamic Chord, In.

33

FULL-SCALE

135.75

I

2,1.33

f

81.0

I

81.0

I

il

916.31

81.0

MODEL SCALE

0.021

3.017
1.013
_1.013



TABLE IIT (Cont'd)

a. Orbiter Model

MODEL COMPONENT : OMS PODS_(OML) — My

GENERAL DESCRIPTION : _The OMS pods are nacelles housin~ the mancuvering

engines and are located on the fuselage on either side of the vertical

tail. Same as JhL olus 1/2" TPS.

KODEL SCALE: 0.,0125

DRAWING NUMBER : vC70-000002, VL70-8L3001

DIMENSIONS FULL SCALE MODEL SCALE
Length (X,=1311 - 1511), In, 200,00 2. 500
Mox Width (X5 = 304), In. 135.75 1.697
Max Depth (XO = 304), In. Th.5 ().931

Fineness Ratio

Areg ~ Ft,2

Max. Cross~Sectional 58,169 0.009

Planform

Wetted

Base

3k



TabLE IXI (Cont'd)
A. Orbiter Modol
HODZL CCMPONELT: 425 NOZZLES - H?l;

GENZRAL DESCRIPTION: The miin pronulsion nozzles are laval-tell shaped

and are located on_the aft_R;anes of the orbiter. These dirsisions are ex-—

ternal and are not to he scaled for nlume tests,

MODEL SCALE: 0.0125

DRAVING NUMBLR: v('70-000C02, VL70-008144; RGO09169, R5009107, 13M15000

DIMENSIONS: FULL 3C:LE MODEL SCALE
MACH NO.
Length - In.
Gimbal Point to Exit Plane 157.00 1.963

Throat to Exit Plane

Diameter - In.
gxit 97.91l 1,22,
Throat
Inlet

Lrea - ft2
Exit 52.290 0.008
Throat

Gimbal Point (3tation) - In.
Upper Ilozzle

L0 1445.0 _ 18.063

YO ’ 0.0 0.0 _

Zg L43.0 5.538
Lower Nnzzles

X 0 1L68,170 18.352

Yo _MjB.OO 0.663

29 31,2.6L0 __h.283

liull Position - Deg.
Upper Nozzle

Pitch 16.0 16.0

Yaw - 0.0 0.0 -
"Lower Nozzle .

Pitch 10.0 10.0

Yaw 3.5 3.5
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TABLE 171 (Cont'd)

4

a. Orbiter Model
MODZL COMPONENT: NCZZLES - 319:
GEHZRAL DESCRIPTION: The two orbiter maneuvering system nozzles are lavel=-bell
staved and are lorated at the aft end of the OM5 pods. These dimensions are
ezternal and_are not to be used for plume tests, -
MODEL SCALE: 0.0125
DR/ VVING NUMRBER: 142100009, vC7C-000002, VL70-0084,01, Aerojet 1181900
DIMENSIONS: FULL 5C+LE  MODEI, SCALE
MACH NO.
Length - In.
Gimbal Point to Exit Plane 56.00 0.700
Throat to Exit Plane 56,00 0.700
Diameter - In.
Exit 45.09 0,564 -
Throat
Inlet
Area - fte
Exit 11.09 0.139
Throat
Gimbal Point (3tation) - In.
X 1518,0 18,975
Y 88.0 1.J00 —
Z 492.0 £.1450
Null Position - Deg.
Piteh 15.82¢° 15.82¢°
Yaw 6.50 .56
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TABLE IIT (Cont'd)
a. Orbiter udel
MODEL COMPONENT RUDDER - R,o

GENERAL DESCRIPTION The ruidder is a secondary movable sirfoil at the

trailing edre cf the vertical fin that imoarts yaw forces. This dimensional

data was calculated from the OML master dimensions 7-19-74.

HODEL SCALZ: 00,0125

DRAWING NUMBER

DIMENSIONS - FULL SCALE MODEL SCALE
Area = Ft? 97.148 0.015
Span {equivaleat) , In. __193.61, 2.483
Inb'd equivalent chord, In. 20.07 1.126
Outb'd equivalent chord , In. 50,80 0.635

Ratio movable surfoce chord/
tetal surface chord

Ai Inb'd equiv. chord 0.400 0.400

At Qutb'd equiv. chord 0.400 0.400

Sweep Back Angles, degrees

AL PAGE IS Leading Edge 34L.833 34.833
POOR QUALITY
m Trailing Edge 26,249 26,2049
Hingeline 3 34.833 34.833
(MAC X AREA, Ft”)
— Arec Moment (Kmaudaodungadine) 284.99 2.0011
- Mean Aerodynamic Chord, In. 72.260 0.903
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TABLE III (Cont'd)

a. Orbiter Model
-~ Y ™, YFTIMT -~ X . e ma -
A‘A\JDEI‘ CO!iPONEah PR \rERL.LC‘ L J 2} &O\lter A"‘LO.LQ L‘mes)

GENERAL, DESCRIPTION: The vertical tail is double-wedge shaped and mounted

dorsally on the aft fuselage. These data correspond to configuration_l4oOC,

MODEL SCALE: 0.0125

DRAWING NUMBIR: _ V070-000002, master dimensions.
DIMENSIONS: FULL SCALE  MODEL SCLLE
TOTAL DATA
Area (Theo) - Ft> -
Planform L13.253 . _Q.Qf5
Span (Theo) - In. 315.72 3.9L7
Aspect Ratio 1.475 1.675
Rate of Taper 0.507 Q. 5Q7
Taper Ratio 0.L40L 0,404 .
Sweep-Back Angles, Degrees.
Leading Edge 45.000 4,5.000
Trailing Edge 26,25 26.25
0.25 Element Line 41,173 L1.13
Chords:
Root (Theo) WP 268,50 1.356
Tip (Theo) “P 08,47 . 1.356
W\C 123‘81____ ._2 5 [P
Fus. 3ta. of .25 MiC 1463.50 18,294
W.P. of .25 MAC _635.52 LT
B.I.. of .25 MAC 0.0 0.0
firfoil Section
Leading Wedpe sngle - Deg. 1000 10,00
Trailing Wedge /Angle - Deg. 14.92 1L.92
Leadiny Edge Radius 2.00 0.0250
Void Area 1327  0.002
Blanketed Area 0,0 0.9
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TABLE I!TI (Cent'd)

2. Orb
WO TAvRON YT,
-’ A, o . W ~ N - ’

WG g,

iter Lodel

FTVERAL DESCRIPTION:

baw

DT Tdentical to Voo excoent airfoil thicknecs,  Dikedral ancle is Alone
Lrailine edee nf vive | Operecpic tudat = 0,
VORI BCALT: 0.0125
;‘_‘q‘!‘ \Io . D‘erv NO. ‘.” = ‘:leo Nt _.QQ(&“)OO
DIMENSIONS: FULL-SCALE MODEL SCALE
IS
TOTAL DATA , ORIGI AL PAGE
nrea ..1eo0,) Ft oF POOR Qu
2lanform 2490, 00 Q.420
-~ ’ . . — — - < -
Span Theo In. 055,68 12,709
Asdact Ratio i 2. 0A5
Rate of Taper 1,177 1,177
o———— "erem— — s b m———
Taner Ratio 0.7200 0,200
Jinedral Ancle, degrees 3,500 3.5200Q
inc’cence A~gle, degrees 0, 500 G500

Azrodwnaniic Twist, degrees
Sweep Zack Angles, degrees

eading Edge

Trailing Edge

0.25 Element Line
Chords:

Rcot (Theo) B.P.0.0.

Tin, (Theo) B.P.

MAC

Fus., Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC .

EXPOSED DATA 2
Araa (ineo) Ft
Span, (Theo) In. BP108
Aspect Ratio
Taper Ratio
Chords
Root BP108
Tip 1.00 b

MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section (Rockwell Mod NASA)
XXX X-64

Root b =
Ti ;?
p =
z

Data for (1) of (2) Sides
Leading Edge Cuff 2
Dlanfarm firvaa ce
Leeling Tdye Intersects Fus 4, L. @ Stae
tear'ra Fdam Interqoar*e Winn A Cta

L300

4200

- 10.034 10,058
5,20 35,209
£89, 2L, 8 A1
147,085 _LI2a
L, 21 5,937
1174, 53 1, 210
290, 58 3,632
1502,13 2,277
1751,50 0.274
T 20,08 9,009
2.059 2,050
0, 2i.5 0,2L5
££2.09 7.026
137, 84 1,723
392.83 4.910
11€5.98 14,825
294,30 2.€79
251,77 3,107
0.113 0.113
0.120 0.120
wd el .U 1
500, 0 AL DN
I e} - -



TARBLE III (Cont'd)

Orbiter Medel

MODEL COMPONENT : ORBITER _TALLOONT T(‘,!’

GENERAL DESCRIPTION :  Fairing mounted on orbiter fuselare base for

ferry missions confipuration,

MODEL SCALE: 0.0125

DRAWING NUMBER : £5-A01452

DIMENSIONS :

Length
Max Width

Max B Height

Fineness Ratio

Area - Ft2

Max. Cross—Sectional

Planform

Wetted

Base

i)

FULL SCALE MODEL. SCALE
435,76 2447
300. 80 3.76
266,40 3.33
462,37 0.0722
635.803 0.0993




TABLE 11T (Contry)
b. Carrier Model
MODEL COMPONENT: ATTACH GTRUCTURE - ATgg,
GLNERAL DESCRIPTION: Forvard attach structure between the Orbiter and
Carrier, faired struts, ig = 4°
HMODEL SCALE:  0.0125

DRAWING NO.: Boeing Dwg. 747-D-654, 35-AC1559-4, -18, -35

DIVFNSIONS: PULL SCALE  MODFL, SCALE
io, Incidence angle, deg. L.0 4.0
(Orbiter FRL to 747 FRL)
Fairing chord, right and %eft, In. 31.0 0.383
Fairing T/C 0.226 0.226
Carrier attach points, In, BSTA 689.4 8.617
BYL 372.0 4.650
BL 66.3 0,829
Orbiter attach points, In, X, 388.15 L.£52
Zq 283.11 3.539
Y 0.0 0.0
BSTA 681,52 8.519

BWL L8O, L 6,005

I



TABL® III (Contrd)
b. Carrier Model
MODEL COMPONENT: ATTACH STRUCTURE - ATyn
CLILRAL DLSCRIPTICN: Forward attach structure between the Orbiter and

Carrier, faired struct, ig = 6°

MODZL SCALE: 0,0125

DRAVTNG NO.: Boeing Dug TLT7=¥D-65L, S5-A0159-3, -11, -35

DIMENSIONS: FULL SCALE  MODFI, SCALE,_
ip, Incidence angle, deg. 6.0 6.0
(Orbiter FRL to 747 FRL)

Fairing chord, right and left, In. 31.0 0.388

Fairing t/c _ 0.226 0.226

Carrier attach points, In. BSTA 689.4 8.617
BWL 372.0 4.650
BL 66.3 0.829

Orbiter attach point, In, Xy 388.15 L.852
Zg 283.11 3.539
YO 0.0 0.0
BSTA 684,88 8.561
BWL, 512,72 6.409
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TABLE IIT (Cont'd)
L., Carrier Model
MIDEL COMPONENT: ATTACH STRUCTﬂRE - AT98
GENZRAL DESCRIPTION: Forward attach structurc betueen the Orbiter and

Carrier, faired struts, iy = 8e

HODZL SCALE: 0,0125

DRAVING NO.: Boeing Dwg 747-MD~65k4, S5-A01559-5, =19, =35

DIMIHSIONS: FULL SCALE MODET, SCALFK
1y, Incidence angle, deg. 8.0 8.0
(Orbiter FRL to 747 FRL)

Fairing chord, right and left, In. 31.0 0.388

Fairing t/c 0,226 0.226

Carrier attach points, In, BSTA 689.4 8.617"
BWL 372.0 L.650
BL 66.3 0.829

Orbiter attach points, In, X0 388.15 4.852
Z, 283.11 3.539
YO 0.0 0.0
BSTA 689.4 8,617
BVWL 544,.72 6.809

L3



TARLE TITT (Cent'd)
b.. tarrier Model
I"JDEL COMPONENT: ATTACH STRUCTUQE - ATgg
GIVERAL DESCRIPTION: Aft attach structure bLetween orbiter and carrier,
came as AT95 with a single fairing covering the main strut and drag strut

oni each side, and a fairing on the sway bracs.

MODEL ECALE: 0.0125

DRAWING NO.: Boeing Dwg L7-¥D-658, W-1135A~11, -12, S5-A01559-33, -34, -35

DIMENSIONS: FULL 5CALD MODET, SCALE
Orbiter attach points, In. Xq 1317.0 16.462
Y, + 96,51 + 1,206
Z , BL 267.5 3.344
BSTA 1607.0 20.087
BWL 400.0 5.000

Main fairing:

‘Root chord, In.  250.0 3.125
T/c of root chord 0.09 0.09
Tip chord, In, 120.0 1. 500
T/c of tip chord 0.14 0.14
Sway brace:
Cherd, 1In, 31.0 0.388
T/c ' 0.226 0.226

LY



TABLY ITI (Conttd)

Carrelier ndel

b,
MODEL COMPONENT :__BCDY = By o

AN Bed

GENERAL DESCRIPTION © _IPody 7L-7 " roject with A DV

MODEL SCALE:  0.0125 VODEL DWG: 131811

DRAWING NUMBER : ,_£2013609, 1318-5)

DIMENSIONS . FULL SCALE MODEL SCALE
Length , In. <702.0 33,78
Max Width , In, 255.3. 3.19
Mox Depth
Fineness Ratio 9.73 9.73 -
Area ~ Ft2

Mox. Cross—Sectional

Planform —

Wetted 14.093 0.002

Base —_—

L5



TABLE III (Cont'd)

b, Carrier Model

YODEL COMPONENT: WING =~ whh 1

GENERAL DESCRIPTION: Sweot 747 wing

MODEL SCALE: 0.0125
DRAWING NO.: 65C12£09, 1318-46
DIMENSIONS:
Total Data:
‘ Area (Theo.), Ft2
Planform
Span (Theo.), In.
Asnect ratio
Incidence angle, deg.
Chords, In,:
IAC
Fus. sta. of 0.25 MAC

W.P. of 0.25 MAC

L6

MODEL DWG:

1318I-1

FULL _SCALE

MODEL SCALE

5500.00

2348.0
6.96
7.0

327.8
1339.87
190.42

0.860
29.35

6.96

7.0

4.10
16.75
2.38

(1



TAELE IIT (Cont'd)
b. Carrier Model

MCDEL COMPONENT: VERTICAL - V9 ]

CEITRAL DESCRIPTION: Owept vertical tail

MODEL SCALE: 0.0125 MODEL DWG: 1318I-1

DRAWING NO,: 65C13609,\1318—8

DIVENSIONS: FULL SCALE
TOTAL DATA
Area (Theo), Ft2 630.0
Span (Theo), In. 386.5
Sweepback angles, deg., L.E. 50.12
Aspect ratio 1.25
Chord:
Root (Theo), WP, In. L61.67
Tip (Theo), WP, In. 157.0
Yean Aerodynamic Chord, In. 334.16
Fus. Sta. of 0.25 MAC 2529.€
W.P. of 0.25 MAC 528.0

L7

MODEL SCALE

5.77
1.96
L.20
31.62
6.60



TARTE 117 (Centrd)
L. Carrier Moded

I’0DEL COMPOMENT: HURIZCHTAL TAIL ~ ”15

GLNERAL DESCRIPTIC.: Zwont 747 horizontal stabilizer

FODEL SCALE: 0.0125
DRAWING NO.: 65C13609, 1318-5
DIMENSIONS:
Area (Theo.), £t
Planform
Span (Theo), In.
Aspect ratin
Chords:
MAC, In,
Fus. Sta. of 0.25 MAC, In,
.V, of 0,25 MAC, 1In.

Sweepback angle of 0,25 MAC, deg,

L8

((

HODIL NO.:  1318I-1

FULL SCALEL

MODEL SCALE

1470.0
373.00

3.6

271.6
2563.9
175.0
37.5

0.230
10.91
3.6

3.40
32.05

2.19
37.5



et TASLE 11T (“ont'd)
’ b. Carricr liedel

I'CDEL CCMPOMNENT: :ORIZCHTAL TAIL - Hy5. 6
GENERAL DESCRIPTICI!: Horizontal tail, ”15’ with vertical fins. on each

tio at body B.L. 427.3

¥ODEL SCALE: 0.0125 MODTL DiG: 1318I-1
DRLWING NO.: 65C13409, 1318-5, 131.8-70
DIVEISIONS: FULL SCALE MODEL SCALE

Fin Zxposed Data {one side):
2

Area = Ft 200.0 0.0312
Span, In. 252.0 3.15
Chord, In. 113.6 1.42

49



TARLY III (Cont'd)
b. Carrier Model

Y CDEL COMPONENT: st

GENERAL DESCRIPTICH: Inboard 747, JTGD nacelle strut

ZODZL SCALE: 0.0125 MODFL DWG: 1318I-1
DRAWING NO.: 65C13609, 1318-60

DIMENSIONS: FULL SCALE
Wing B.L. of nacelle CL, In, 4,70.0
Cant angle degs., inboard 2.0

50

MCDEL 3CALE

5.875

2.0

( {



TABLE III (Cont'd)
b. Carrier J}Fodel

MODEL COMPONENT: M,y

SLtERAL DESCRIPTION:  Outboard 747, JTYD

JODTL SCALE

Strut

MCDEL SCALE: 0.0125 MODEL DWG: 1318I-1

DLAYING NO.:  65C1360G, 1318-60

DIMENSIONS: FULL SCALE
W L of Cp, In. 834,.0
Cant angle, deg. inboard 2.0

51

10.425

2.0



TABLE III (Cont'd)
g. Carrier Model
MODEL COMPONENT: I 57
GENERAL DESCRIPTIC!: Inbecard fan cowl and primary 747 nacelle, flow-

thfough tyve.

MODEL SCALE: 0.0125 MODLL DWG: 1318I-1

DRAWDNG NO.: 65C13609, 1318-60

52



TABLE ITI (Cont'd)
b. Carrier Model

MODEL COMPONENT: N58

1'ODEL DESCRIPTION: Outboard fan cowl and primary 747 nacelle, flow-

through type.

MODEL SCALE: 0.0125 MODEL DWG: 1318I-1

DRAVING NO.: 65C13409, 1318-60

53



TABLE III (Cont'd)
b. Carrier Model

1ODEL COMPONENT: SPOILERS - 81_12

CENERAL DESCRIPTINN: Multi-nanel flieht sroilers, Four outboard and two
inboard snoilers oer side. Subseriot denotes spoiler panel S5 is the most
outboard L.H. vanel and 312 is most outhoard R.H. vanel.

MODEL SCALE: 0.0125 MODFL DWG: 1318I-1

DRAWING NO.: &5C13609, 1318-56

DIMENSIONS: (OMZ PANEL) FULL SCALE MODFIL, SCALE
ard S 2 21.48 0.00
Outboard S, and So_, (Ft*) L 34
Span (equivalent), In, ' 75.00 0.94
Chord, In. 41.28 0.52
Inboard, S5_g and Sy.g (Ft?) 35.31 0.0055
Span (equivalent), In. 90.00 1.130
Chord, In. 56.52 0.71
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TABLE ITI.

IIODTL COMPONENT: Ty

b. Carrier Model

{(ConLinuen)

GZIERAL DESCRIPTICH: [lao track fairings, four on each side

MCDEL SCALE: 0.0125

DRAVIIG NO.: 65013609, 1318-67

DIVINSIONS:
WBL of Track No. 1,
2!
3,
L,
Distance from wing
Trailing edge to:

Track trailing

In,

In,

In.

edge, In.

FULL SCALE

MODEL SCALE

235.3
353.0
585.0

743.6

44.0

2.94
L.hY
7.31
9.30

0.55



TABLE III. Concluded.

MODEL COMPONENT : _Mounting Strut - Sy
GENERAL DESCRIPTION : Blade strut attachment to orbiter aft upper
fuselage where vertical tail is normally mounted. Strut leading edge
and lower trailing edge conform to the vertical tail planform. Airfoi]
section is blunted diamond. The tip of the strut mounts to a sting.
MODEL SCALE: 0.0125
DRAWING NUMBER : Rockwell W-11335H
DIMENSIONS MODEL SCALE
Theoretical intersection of L.E.
with fuselage ML, in.
Xo | | 15.973
Zo 6.250
Leading edge sweep angle, deg. . 45.0
Trai]ihg edge sweep angle, deg. ' 45.0
chord length, in. 2.38
maximum thickness, in. 0.52
" distance from L.E. to maximum
thickness, in. 1.42
position of sting ¢»in. Z, 12.835

56



TABLE IV.
CA23B DATASET DESCRIPTION

(INTERPOLATED/ INCREMENTED DATASETS)

DATASET
TYPE DESCRIPTION
RNHXXX Stability axis coefficient data for 747 carrier.
ANHXXX Body axis coefficient data for 747 carrier.
BNHXXX Pressure coefficient data for 747 carrier.
CNHXXX Stability axis coefficient data for Orbiter.
DNHXXX Body axis coefficient data for Orbiter.
ENHXXX Pressure coefficient data for Orbiter.
UNH*XX Interpolated data for 747 carrier.
VNH*XX Interpolated data for Orbiter (ac 2nd indep. var.)
-
INH*XX Interpolated data for Orbiter (ap 2nd indep. var.)
PNH*XX Incremental proximity effects data for 747 carrier.
TNH*XX Incremental proximity effects for Orbiter.
(ag 2nd indep. var.)
ANH*XX Incremental proximity effects for Orbiter.
(ac 2nd indep. var.)

* 0 = 1I0RB interpolation

X = 1IORB and DX interpolation

Y = 10RB and DY interpolation

M = MACH interpolation
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TABLE VI.

INCREMENTAI, DATA SET SUMMARY
(refer to Data Reduction)

acy7! ORE) c 71,7  ORE) C7h7(ISOL) acorp' ¥ copl TAT) Corp' 1°OF)
PNHOO8 UNHOO08 RNHOOL TNHOO8 ZNHOO8 CNHOL3
PNHOO9 UNHOO9 RNHOOL TNHOOQ ZNHO09 CNHOL 3
PNHO10 UNHO10 RNH0O05 TNHO10 ZNHO10 CNHOL3
PNHX10 UNHX10 RNHOO5 TNHX10 ZNHX10 CNHOL3
PNHY10 UNHY10 RNHOO5 TNHY10 ZNHY10 CNHOL3
PNHO11 UNHO11 RNHOOL TNHO11 ZNHO11 CNROL 3
PNHO13 UNHO13 RNHOO5 TNHOT 2 ZN11013 CNHOWR
PNHX13 UNHX13 RNHOO05 TNHAT 3 ZNHX173 CNHOB S
PNHY13 UNHY13 RNHOO5 TNIIY13 ZNIY1H CNHOW3
PNHX1L UNHX1k RNHOOS TNHX1Y ZNHX1h CNHOL 3
PNHX15 UNHX15 RNHOOS PNHXLS ZNHX15 CNIIOL 3
PNHX16 UNHX16 RNHOO5 TNIX16 ZNHX16 CNITOL3
PNHX1T UNHX1T RNHOO5 TNHX1T ZNHX17 CNHOL3
PNHY18 UNHY18 RNHOOS TNHY18 ZNHY18 CNIGh3
PNHY19 UNHY19 RNHOO5 TNHY19 ZNHY19 CNHOAL3
PNHO20 UNHO20 RNHOOS5 TNHO20 ZNHO20 CNHOL6
PNHO21 UNHO21 RNHOOL TNHO21 ZNHO21 CNHOkL6
PNHO22 UNHO22 RNHOO5 TNHO22 ZNHO2? CNHOL6
PNHO23 UNHO23 RNHOO5 TNHO23 ZNHO23 CNHOL6
PNHO2h UNHO2L RNHOOL TNHO2L ZNHO2L CNHOLG
PNHO25 UNHO25 RNHOOL TNHO25 ZNHO25 CNHOL6E
PNHO2T UNHO27 RNHOO5 TNHO2T ZNHO2T CNHOALS
PNHX2T UNHX2T RNHOO5 TNHX2T ZNHX27 CNHOUS
PNHY27 UNHY27 RNHOOS TNHY2T ZNHY 27 CNIOLS
PNHX28 UNHX28 RNHOOS5 TNHX28 ZNHX28 CNHOLS
PNHX29 UNHX29 RNHOO05 TNHX?O ZNHX29 CNHObS
PNHX30 UNHX30 RNHOO5 TNHX 30 ZNHX30 CNIHOUS
PNHX31 UNHX31 RNHOO5 TNHX 31 ZNHX31 CNHOUS
PNHY32 UNHY 32 RNHOOS5 TNHY 3 ZNHY 32 CNLOLS
PNHY33 UNHY 33 RNHOOS TNHY 33 ZNHY33 cNHIOLS
PNHO3A UNHO 3k RNHOOS5 TNHO 3 ZNHO3k CNHOULS
PNHX34 UNHX 3L RNHOO5 TNHX 3k ZNHX 3k CNHOLS
PNHY3k UNHY 3k RNHOO5 TNHY 34 ZNHY 3k ('NHOLS
PNHO35 UNHO35 RNHOO5 TNHO35 ZNHO3S CNIIOLS
PNHO36 UNHO 36 RNHOO5 TNHO36 7NHO 36 CNHOLS
PNHO3T UNHO37 RNHOOY TNHO3T ZNHO3T CNHOUS
PNHO38 UNHO38 RNHOO0S TNHO 38 ZNHO38 CNHOLL
PNHO39 UNHO39 RNHOO5 TNHO39 7ZNHO39 CNHOL3
PNHOAO UNHOLO RNHOO5 TNHOLO ZNHOLO CNHOL3

61



*SWOSAG SIXY - T I3ty

1931q10 "®

Aj1aoib jo
124U3d Ay woy pasojdsip uaaq dADY SIXD
A31]1qo4s puD puim jo suibiio ‘4}1i0y2 oy

smouip Aq pajosipul
94D §3|6uD puD /54U3|D14j30D jUBWOW
5ju31514}902 32104 JO SUOIEDIIP 3ALISO

$SPoN

62



‘papniouc) - 1 9anITyg

suot3ela’ JBINSUR )1l /I931QJ0

‘q

GD

o0 Ludipy

€3



S9UD3dYG T9POy ~ g 94nIT4
SUOTSUSWIP d0UII9JaL UOTIBANITIUCD 3593 JUSTTI Lhl/I831QI0 °®

G-Ore 1 viLed

Q
cww O0% “IMg 7001 06l STUSHI ~ *d°M
29 5°6E€ T 076011 SRMINI ~ °S'd
2% 062 ¢l %5715 HAINTD AONTAEITH INTHOR
1o ghEe 99 acé STHCHT ~ (Q) NYaS
vitlet 19 nly SEnltll ~ (3) OV
0056 0o9e 534 ~ VEHY ONIM
RES RPRIET] YIALIEHO

(S4) SNOISNANIQ FONJHFJIY

6l



*pINUTRUOYD — ¢ sandryg

(T-IQTET T2pOoj) uoTdeam3TIucd Q0T-Lil

NS aw

"q

R —

(s213 414 w3ta)9cly N
(473 ¢T3 jnoy3ya) STg




C.

In-flight spoiler configuration
Figure 2. - Cont.inued.
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STING MCOUNMTED

Z. Orbiter base pressure tap locations

Figure 2. - Continued.
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i. 747 sting cavity and orbiter blade strut pressure tap locations

Figure 2. - Concluded.
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c¢. Three-quarter rear view showing aft attach
fairings on TLT with Orbiter separated

Figure 3. - Continued.
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APPENDIX

TABULATED SOURCE DATA

Tabulated plotted data may be obtained upon
request from Date Management Services.
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